Liberating the kidney from continuous renal replacement therapy
The kidney is a remarkable organ. Renal failure is seldom the primary indication for admission to intensive care but rather the 'canary in the coal mine' that often signals a patient's deterioration into multiple organ failure. At present we only have a limited understanding of the complex interplay of pre-renal organ interactions and renal insults that lead to acute kidney injury (AKI). We appreciate even less about the kidney's recovery after AKI. Thankfully, when acutely assaulted, the kidneys recover from continuous renal replacement therapy (CRRT) in nearly 95% of Australasian AKI survivors 1 and can function chronically with a glomerular filtration rate as low as 6 ml/minute/1.73 m 2 , making it remarkably resilient 2 .
Given the recent publishing of two studies into the timing of initiation of acute renal replacement therapy 3, 4 it is relevant that this edition of Anaesthesia and Intensive Care reports on a study by Katayama and colleagues 5 into the all-too-forgotten subject of successful weaning from CRRT in severe AKI. While limited by the vagaries of retrospective methodology, this multicentre study offers some further insight into the potential indicators of impending renal recovery. Using multivariate logistic regression with over 213 patients, the authors found that urine output and creatinine at discontinuation of CRRT along with duration of CRRT were all statistically significant predictors of successful liberation from dialysis.
Perhaps most pertinent to the prediction of successful liberation from CRRT is a patient's urine output and the use of diuretics to manipulate this outcome. The findings by Katayama et al reinforce previous findings from the few available studies suggesting that with increasing urine output comes improved success in discontinuing CRRT 6, 7 . This is probably not unexpected but remains an important finding that mandates accurate documentation and a greater understanding. Unlike creatinine, urine output is measured hourly in most intensive care units and represents a realtime, although imperfect, marker of renal function. The role of urine output as a successful predictor of liberation from CRRT may well have its relevance much sooner in a patient's critical care journey than purely at the backend of renal recovery. In this study the authors demonstrated a univariate significance in urine output at CRRT initiation (30 versus 19 ml/hour; P=0.005) between successful and failed CRRT discontinuation. Given the lower weights (<60 kg) of this Japanese cohort, it may actually imply that many of the patients who were successfully weaned from CRRT in this study started with urine outputs not only above the 0.3 ml/kg required to attain Kidney Disease: Improving Global Outcomes (KDIGO) Stage 3 AKI, but also above the 0.5 ml/kg required for KDIGO Stage 1 and 2 AKI by urine diagnostic criteria 8 . The importance of preserved urine output in the setting of KDIGO Stage 3 AKI has been previously associated with improved survival, reduced need for CRRT, and improved long-term recovery after CRRT 9 .
More recently, the delayed initiation of dialysis in AKI has emerged as another potential factor to improve urine output during renal recovery. The multicentre AKIKI study 3 demonstrated an earlier return of adequate diuresis and a reduced number of dialysis sessions in patients randomised to a deferred dialysis strategy (based on hyperkalaemia, metabolic acidosis, pulmonary oedema, and extreme uraemia) when compared to patients randomised to initiate dialysis within six hours of attaining KDIGO Stage 3 AKI criteria (based on creatinine or urine output) 8 .
To better appreciate the role of urine output in the recovery phase of AKI it is important to note that, unlike single organ AKI, recovery from severe renal failure in the setting of multiple organ failure is seldom heralded by a 'polyuric' phase. Instead urine output after critical illness is often insidious and teasing in nature. Katayama and colleagues demonstrate that for every 100 ml/day (5 ml/hour) there is a nearly 10% likelihood of successful discontinuation from CRRT 5 . While it is understandably more practical to report urine output as ml/day, a more meaningful interpretation may have been the reporting of urine output during renal recovery as ml/kg/hour. This would maintain consistency with the internationally accepted definitions of AKI 8 and account for the weight variations between different societies. In the Australasian RENAL study 1 , which initially limited the upper weight limit for enrolment, the average weight was 80 kg, more than 20 kg heavier than the Katayama et al cohort.
Much has been made of the role of dopamine, and loop and osmotic diuretics, in averting dialysis in AKI. The perceived safety, ease of administration, and familiarity of these medications still sees their regular administration for this purpose in most intensive care units. Correspondingly, diuretics are regularly given in the recovery phase of AKI in the hope of negating the need to re-initiate dialysis. Little is known about the role of diuretics in renal recovery. There has only been one small randomised controlled study to date, and this had a negative outcome 10 . In an observational study, Uchino and colleagues demonstrated that loop diuretics actually reduced the predictability of urine output as a marker of liberation from CRRT 6 . Interestingly, in the Katayama et al study 25% of the patients in the 'failure' to liberate from CRRT group received diuretics resulting in a substantial increase in urine output compared to the remaining 75% of 'failure' patients who did not receive diuretics (900 versus 150 ml/24 hours), despite the same outcome 5 .
The use of creatinine as a predictor of successful liberation from CRRT is even less certain. Creatinine functions as a surrogate marker for glomerular filtration rate when the body is in steady state. This is rarely the situation in critically ill patients in whom an initial hypercatabolic state frequently progresses into reduced muscle mass and creatinine production. Creatinine also has a large volume of distribution that is affected by the frequent fluid overload found in CRRTrequiring patients. Probably the most important factor is that creatinine is dependent on the dialysis dose and delivery preceding a trial of CRRT cessation.
The real-world timing of CRRT cessation also differs from other organ support. By its very name CRRT should be 'continuous' but the complexities of running an extracorporeal circuit often mean that CRRT circuits have between three and five hours of downtime per day 11, 12 , with one Australian study demonstrating that only 17% of all CRRT circuit runs were ceased electively 13 . These factors often result in continuing a well-functioning CRRT circuit beyond the return of a modest urine output and conversely, provide opportune trials of CRRT cessation when a circuit is ceased for reasons other than urine output. Additionally, there may be alternative reasons for persisting with CRRT despite a returning urine output, such as excessive fluid overload with or without electrolyte concerns.
Whether we can accurately define criteria for the successful cessation of CRRT remains, at present, unknown. The practicalities of a busy intensive care unit constrained by a labour-intense treatment that lacks the same time-sensitive imperatives of acute cardiovascular and respiratory failure will unfortunately make observational studies difficult to interpret. Future directions of investigations may consider the predictive success of cut-off ranges of urine output standardised for a patient's weight. At 0.3 ml/kg/hour this would be ~580 ml/day (24 ml/hour) in an 80 kg patient. The role for diuretics remains unproven in both prevention of and recovery from severe AKI and probably reduces the reliability of urine output as a predictor of renal recovery, while the earlier initiation of dialysis in AKI may hinder renal recovery.
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